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This application is a continuation of prior application 5
Ser. No. 415,814, filed Oct. 2, 1989, now abandoned.
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MULTIPLE BEAM DEPLOYABLE SPACE
ANTENNA SYSTEM

CROSS REFERENCE TO RELATED
APPLICATIONS

The present application is related to copending U.S. 10
patent applications Ser. Nos. 263,849; 402,743; 415,842;
415,815 and 414,494.

BACKGROUND OF THE INVENTION

The present invention pertains to antenna systems for IS
spacecraft and more particularly to a deployable an·
tenna array system which projects a multiple beam
pattern with each beam covering a disjoint area.

Spacecraft typically achieve communications (i.e.
··uplinks" and "downlinks") with earth-based stations 20
by projecting spot beams to certain areas. These earth
base systems may include but are not limited to land·
based stations, water-based stations, such as those lo
cated on ships, stations based on airplanes or other 25
spacecraft. The spot beams which are projected by
spacecraft may be relatively narrow or broad beams.
Small beams are easily focused upon a known earth
based source. For communication situations in which
many sources are randomly located over a portion of 30
the earth, that entire portion of the earth must be cov
ered by the antenna system.

For communication by the satellite with a number of
earth-based stations, a limited number of communica
tions frequencies or channels exist. Spatial diversity 35
between satellite antenna beams is required. Therefore,
satellite communication with a plurality of earth sta
tions is limited to the number of antenna beams (or cells)
projected by the antenna system. As cell numbers are
increased, spatial diversity becomes difficult to main- 40
tain.

In addition, a large number of satellite antennas is
difficult to launch into space. Furthermore, large num
bers of antennas are difficult to position and deploy in
space once' the l!lunching vehicle has achieved proper 45
orbit.

Accordingly, it is an object of the present invention
to provide uniformly sized spot beams for facilitating
communications between satellites and a plurality of
earthbased stations. SO

SUMMARY OF THE INVENTION

In accomplishing the object of the present invention,
a novel multiple beam deployable space antenna system
is shown. 55

A multiple beam space antenna system facilitates
communications between a satellite and a plurality of
earth stations. The multiple beam space antenna system
has a plurality of antennas which are disposed in a
spherical configuration. Each of the plurality of anten- 60
nas is positioned so that each antenna establisltes com
munications with a substantially distinct area of the
earth.

Each of the antennas receives a plurality of communi
cations from the earth stations. Each antenna also trans- 65
mits a plurality of communications from the satellite to
the earth stations. Each of the antennas is connected to
a processor of the satellite for enabling the processor to
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receive and transmit messages from a number of earth
stations.

The above and other objects, features, and advan
tages of the present invention will be better understood
from the following detailed description taken in con
junction with the accompanying drawings.

BRIEF DESCRIPTION OF THE ORAWING

FIG. 1 depicts a satellite's projection of its antenna
beams comprising the present invention.

FIG. 2 is a top view of the projection of the antenna
beams onto the earth.

FIG. 3 is a side view of the antenna beam projections
as shown in FIG. 2.

FIG. 4 depicts the intercept angle formed by the
satellite's antenna beams.

FIG. 5 depicts a portion of the antenna horns of the
present invention.

FIG. 6 is a two-dimensional representation of the
antenna horn system of the present invention.

FIGS. 7a-7d depict the deployed horn structure and
lens structure of the present invention.

FIG, 8 is a diagram of one particular horn of the
antenna system of the present invention.

FIG. 9 is a block diagram of the monolithic micro
wave integrated circuit (MMIC) shown in FIG. 8.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The disclosures and teachings of U.S. patent applica
tion Ser. Nos. 263,849; 402,743; 415,842; 415,815; and
414,494 are hereby incorporated by reference.

FIG. 1 depicts satellite 100 projecting a multiple
beam space antenna array. Satellite 100 includes a pro
cessor (not shown) for communication transmission and
reception. Each hexagonal area, such as number I, rep
resents an individual cell which has been projected by
an antenna beam. This projection shows cell 1 sur·
rounded by three successively larger rings of similarly
shaped cells. The cells actually projected by beams of
satellite 100 for communications are elliptical in nature.
The cells shown in FIG. 1 are the result of intersecting
elliptical antenna beams. The six sides of each hexagon
depict tbe chords which bisect the intersection of each
of the elliptical beams.

In this configuration, 37 beams are projected by the
antenna system of the satellite 100. Each of the 37 an
tenna is electrically and optically connected to the p'ro
cesser of the satellite. Since the satel1ite represents a
point in space and the earth's surface is a sphere, it is
necessary that each of the cells represent approximately
the same area.

Each of the cells represents a plurality of frequencies
about a center frequency. This aids in establishing com·
munication between satellite 100 and a plurality of users
in each particular cell on the earth. Since the satellite is
in orbit about the earth, a communication link between
a user in one cell and satellite 100 must be handed otTto
another adjacent cell as the satellite moves in orbit. The
frequency assignment of the cells is such that there are
four basic frequency groups used. A particular one of
the four frequency groups is selected for center cell 1
area. Then, assignments are made circularly about cell 1
such that no two adjacent cells use the same one of the
four frequency groups. This provides spatial diversity
and for frequency re-use from group-to-group.

The 37 cells of FIG. 1 may be repn:senlecl from a lOp
view as shown in FIG. :t The centermost ring A of the
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Angle 42 is the angle between line segments 46 and

47. Line segment 46 is a 1,243 nautical mile line segment
between satellite 4S and the outer edge of ring D of the
satellite's ceH projections. Line segment 47 is a line
directly from satellite 4S perpendicular to the earth's
surface terminating at the center of the earth. For the
present configuration shown in FIG. 4, angle 42 is ap
proximately 61.55 degrees,

Referring again to FIGS. 1 and 2, the center of each
10 of the six cells in ring B is equidistant from the center of

the middle cell 1 (ring). The same is not true for the .
distance between the center of each cell and middle cell
1 for rings C and D.

Referring to FIG. 1, cell "a" is closer to the center of
cell 1 than cell "b" is. Both cells a and b are located in
the C cell ring. The C ring contains twelve cells. The
"a" and "b" cells alternate around ring C. That is, 'ring
C contains alternate "a" and "b" cells.

Similarly, ring D which is comprised of eighteen
cells, includes "A" and "B" cells. Each of the A cells is
equidistant to the center of cell 1. Each of the B cells is
also equidistant with respect to the center of cell 1.
However, the A cells are closer to the center of cell 1
than the B cells. With respect to ring D of the cells as

25 shown in FIG. I, the pattern of "A" and "B" cells is
different than the "a" and "b" cells of ring C. Ring D
has a pattern of one B cell and two A cells following.
This pattern continues around ring D.

The angular differences from the satellite to the "a"
30 and "b" cells or to the "A" and "B" cells· must be ac

counted for in the positioning of each of the antennas of
the satellite antenna system. For the purposes of further
discussion, the a-b and A-B anomalies discussed above
will not be taken into account. However, the position
ing indications derived herein must be modified slightly
to account for these anomalies in view of a specific
altitude of the orbiting satellite.

For further discussions, rings C and D will be consid
ered as having each cell equidistant to the center of cell
1. For a height of a satellite over the earth of 413 nauti
cal miles, the resultant antenna angles for the 37 cells of
FIG. 1 are shown summarized in Table 1. The center
cell is cell ring A which is comprised of a single cell,
cell 1. This cell size is approximately a 41.5 degree
circle with respect to the satellite. This antenna would
produce a gain of approximately 13.8 dB. In general,
gain is calculated in terms of a maximum theoretical
gain represented by an antenna ofx radians by y radians.
The formula for this gain is given as follows:

5,017,925

Total area=2...rh

Area 2-2"'r(hl-h2)

Area 1=2...r(h-hl)

Area 3".2...r(h2-h3)

Area 4=2...rh3

3
"bull's-eye" (concentric circles or rings) of FIG. 2 rep
resents the ct:nter cell 1 of FIG. 1. The next, ring out
side the center cell A is the ring B. Ring B includes six
cells surrounding center cellI. The ring adjacent to ring
B is ring C. Ring C contains twelve cells surrounding 5
ring B. The last ring surrounding ring C is ring D. Ring
D contains eighteen cells surrounding ring C. As a
result, in all tbe satellite projects 37 separate cells to
provide an area of coverage for transmission uplinks
and downlinks with respect to the satellite.

Each cell represents 1/37 of the total area of the
entire cell pattern projected by a particular satellite.
FIG. 3 depicts the total area from the satellite to the
earth's surface. FIG. 3 is a side view and depicts the
heights of the various rings as was shown in FIG. 2. 15
That is, area 4 pertains to ring A, area 3 pertains to ring
B, area 2 corresponds to ring C and area 1 corresponds
to ring D. The total area of the satellite's projections
may be calculated by the formula. area=21Trh, where r
is the radius and h is the height ofthe spherical segment 20
of the sphere and 1T = approximately 3.14159.

The area for each of the rings shown in FIGS. 2 and
3 as well as tbe total area may be calculated by the
equations given below.

FIG. 4 depicts the geometry ofa particular satellite in 35
orbit approximately 413 nautical miles above the earth's
surface. It is assumed that the outside edge of ring D as
shown in FIG. 2 when viewed from the satellite will
intercept the earth at a 10 degree angle. This 10 degree
angle 40 is termed the "mask angle". Satellite 4S is 40
shown approximately 413 nautical miles above the
earth's surface. From satellite 4S to the outer edge of
ring D, as shown in FIG. 2, the distance 46 is approxi
mately 1,243 nautical miles as shown in FIG. 4. The
angle between the earth's surface and a line from the 45
edge of outer ring D to satellite 45 is angle 40. This
angle is the 20 degree mask angle.

Angle 41 is approximately 100 degrees. Angle 41 is
made up of the 10 degree mask angle and a 90 degree
tangent angle. The 90 degree tangent angle (angle 50
41-angle 40) is comprised ofa line segment 46 from the
center of the earth to the earth's surface and the tangent
to the earth's surface at that point (not shown). Angle The r2 1055 refers to the loss due to the range of the
43 is the angle composed of line segments 47 from the satellite from earth. This loss increases as the square of
satellite to the center of the earth and line segment 48 55 the range. Lastly, the mask angle represents the range of
from the center of the earth to the point of the outer values for a line of sight from the ground to the satellite
extent ring D. This angle is approximately 18.45 de- within a cell in that particular ring. There is only one
grees. The distance from the center of the earth to the cell in ring A.
earth's surface is approximately 3,443 nautical miles, as The first actual ring of cells of Table I is ring B as
shown in FIG. 4 line segment 47. 60 shown in FIG. 2. The second and third rings ofTable 1

correspond to rings C and D of FIG. 2 respectively.

TABLE 1

CELL SIZE

ANTENNA PARAMETERS· 413 NMI SATELLITE
R2

GAIN LOSS·
MASK

ANGLE

CENTER CELL (A)
FIRST RING (il)
SECOND RING (C)

4U' CIRCLE
22.3" X 60' ELLIPSE
lOS X 30' ELLIPSE

B.S dB 0.3 dB
14.9 dB 3.2 dB
21.2dB 5.7dB

67' TO 90"
40" TO 67'
26' TO 40"
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TABLE l-conrinued
ANTENSA PARAMETERS· 413 NMI SATELLITE

R2 MASK
CELL SIZE GAIN LOSS· ANGLE

THIRD RING (D) 7.9' ? 20' ELLIPSE 24.2 dB 'It.S dB 10' 10 16'

'WORSE CASE RANGE LOSS COMPARED TO 413 NMI.

6

Table 2 depicts similar parameters for each of the a propellent in order for the antenna system to take its
cells shown in FIGS. 1 and 2 for a satellite at a height of 10 spherical shape of horn antennas.
490 nautical miles over the earth. It is to be noted that FIG. 6 is a two-dimensional view of the horn antenna
the parameters for this increased height of the satellite structure- when deployed, looking up directly from
are not substantially different from the first example beneath the satellite. Hom antennas 50 through 56 of
given in Table 1. FIG. 5 are shown depicted in FIG. 6. FIG. 6 shows that

TABLE 2
Az",ENNA PARAMETERS - 490 NMI SATELLITE

R2
CELL SIZE GAIN LOSS·

CE~TER CELL (A) 34.S' CIRCLE lH dB o.~ dB
FIRST RING (B) 20S x 60' ELLIPSE 15.3 dB \.4 dB
SECOND RING (e) 11.1' x 30' ELLIPSE 20.9 dB 4.6 dB
THIRD RING (D) 9.7S' x 20' ELLIPSE 23.4 dB 8.3 dB

'WORSE CASE RANGE LOSS COMPARED TO 490 NMI.

MASK
ANGLE

70' TO 90'
46' TO 70'
31' TO 46'
13' to 31'

Referring to Table I, the antennas of the third ring or 25
ring D require a 7.9 degree projection. As a result, an
aperture of approximately 4 meters would be required.
Small satellites or spacecraft may be typically a cylinder
with a 2 meter height and a I.S meter approximate diam
eter. The present antenna array system may be trans- 30
ported via satellite by a cannister of approximately I
meter diameter and 0.3 meters high.

Referring to FIG. 5, a cross section of the antenna
array of the present invention is shown. FIG. 5 depicts
horn antennas 50 through 56. These horn antennas rep- J5
resent antennas in each of the four rings A though E as
mentioned in FIG. 2. Horn antenna 50 represents center
celli or ring A as shown in FIGS. 1 and 2 respectively.
Horn antennas 51 and 52 represent two of the antennas
within ring B as shown in FIG. 2. Horn antennas 53 and 40
54 represent two of the twelve antennas in ring C of the
present antenna system. Lastly, horn antennas SS and 56
represent two of the eighteen antennas in ring D of the
antenna system.

First, it is to be noted that the antenna horns are 4S
disposed in a spherical configuration with antenna horn
SO which generates the center cell being at the center of
the portion of the sphere. Second, it is to be noted that
as we move from the center antenna SO to antennas 51
and 52 of ring B that the length of the hom antenna is so
increased. Similarly, the hom antennas 53 and 54 of ring
C are increased in size over 51 and 51 of ring B. Simi
larly, hom antennas 55 and 56 of ring B are longer than
horn antennas 53 and 54 of ring C.

It can also be seen from the cross section of FIG. 5 55
that the antenna horns are mounted in a hemispherical
position in order to achieve the cell projections shown
in FIG. 1. The longest horns are those in ring D. The
horns in ring D as exemplified by horns 55 and 56 would
r~quire an aperture of approximately 4 meters in length. 60
The construction of the horns themselves may be of a
metallized mylar. This antenna horn may be imple
mented as a spherically shaped mylar structure. This
structure may be collapsed in a cannister prior to being
placed into space. The antenna system may be deployed 65
similar to the manner in which an inflatable rubber raft
is inflated. That is. once the satellite is in proper position
in space, the antenna may be deployed by inflation with

a view field from the satellite to the earth is the same in
all directions. Hom antenna 50 appears as a circle. An
tennas 51-56 appear as ellipses since they are angularly
tilted.

Referring to FIG.7A, the cannister mentioned above
with the deflated hom antenna structure inside is
shown. When the hom antenna system is inf?ated, its
appearance would be similar to that shown in FIG. 7B.
From this figure. as well as FIG. 5, it can be seen that
the center horn antenna has the shortest length and the
length of the horns increase as they move away from
the center hom antenna of the structure. The diameter
of the entire antenna system, that is, the outer diameter
of ring D,may be approximately two feet.

Since antenna transmissions disperse over distance
and these transmissions also produce sidelobes, a lens
arrangement may be employed to suppress sidelobes
and limit diffusion of the signals. FIG. 7C shows a boot
lace lens in folded position which may be used to sup
press sidelobes and limit diffusion. This bootlace lens is
a planer lens. The bootlace lens is placed in front of the
hom antenna structure, such that signals transmitted
from the antennas or received by the antennas must pass
through the planer lens. When the bootlace lens is 'de
played, its appearance would be as that of FIG. 70.
The bootlace lens may not be deployed in a similar
fashion to the basic hom antenna structure. That is, the
lens may not be inflated. The bootlace lens requires
mechanical tuning. As a result, the bootlace lens may be
constructed of a rigid material which would be de
ployed in planer sections similar to a solar cell array of
a satellite.

FIG. 8 depicts one typical hom 80 of the multiple
horn antenna array shown in FIG. 18. Hom antenna 80
includes an inflatable truncated cone shape mylar struc
ture 81. The interior surfaces of mylar cone 81 are met
allized with conductive layer 82. This conductive layer
or film may be implemented with such metals as gold or
aluminum. Attached to the mylar cone is valve 83.
Valve 83 provides for proper deployment of the cone
structure 80 by inflation. Other valves (not shown)
provide for inflating the supporting rubber raft struc
ture mentioned above. Valve 83 is connected to a sup
ply of gas (not shown) which is used to inflate the mylar

~.....
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structure upon deployment of the antenna system in
space. Propellants such as nitrogen or foam may be used
for inflation.

Microstrip to waveguide transition 87 is connected
via an aperture 88 in the bottom portion of the cone to 5
dielectric substrate 85. Dielectric substrate 85 provides
for electrical isolation of the input and output signals as
well as the mounting of MMIC circuitry 84. The micro
strip to waveguide transition 87 provides for the recep
tion and transmission of signals from radio. telephones 10
or similar devices located on the earth. Incoming signals
are transmitted from the waveguide structure 87 to the
MMIC circuit 84. MMIC circuit 84 both receives and
transmits signals and produces at its output an optical
signal for transmission to or from the satellite's proce!- 15
sor (not shown) via optical fiber 86. Coaxial cable may
be used in place of the optical fiber 86.

Referring to FIG. 9, a block diagram of the MMIC
(Microwave Monolithic Integrated Circuit) 84 of FIG. 2
8 is shown. Optical fiber 90 is connected to low level 0
amplifier 91. Amplifier 91 is connected to power ampli
fier 92. Amplifier 92 is connected to circulator 93. Cir
culator 93 is connected to microstrip to waveguide
transition 87. Microstrip waveguide 88 is connected to 25
the hom antenna. Incoming signals are transmitted to
microstrip 87. These signals are then transmitted to
diplex 94 via circulator 93. Circulator 93 is also con
nected to diplexer 94. Diplexer 94 is connected to LNA
(Low Noise Amplifier) 95. LNA 95 is connected to 30
filter 96. Filter 96 is connected to amplitude modulation
LED 97. Optic fiber 98 connects electrical to optical
device 97 to the satellite's processor.

Optical signals are transmitted via optical fiber 90 to
FET amplifier 91. FET amplifier 91 converts the opti- 35
cal signal to an electrical signal and transmits this to
MMIC power amplifier 92. Amplifier 92 produces an
amplified signal which is transmitted through circulator
93 to the microstrip 87. Circulator 93 may comprise a
waveguide with magnet. The circulator 93 transmits 40
signals from an input node to an output node in the
clockwise direction. In the counter clockwise direction
signals from an input node are blocked. These signals
are then transmitted through the hom to earth-based
stations. 45

Incoming signals are transmitted through microstrip
87 through distributor 93 to diplexer 94. Diplexer 94
acts as a filter and removes transmitting or other unde
sirable frequencies. LNA 9S amplifies the signal. The
incoming signals are then flltered by filter 96. The m- 50
tered signal is transmitted to electrical to amplitude
modulation LED 97 which amplifies tbe signal and then
amplitude modulates by superposition in a bias line a
diode laser, light emitting diode or other similar device.
The electrical signal is converted to an optical signal 55
and transmitted via fiber 98 through the satellite's pro
cessor. The FET amplifier 91 may be implemented with
a gallium arsenide FET. The light photons input to such
a device cause modulation of the gate voltage of the
FET. MMIC amplifier 92 may be implemented with a 60
gallium arsenide MMIC amplifier.

Although the preferred embodiment of the invention
has been illustrated, and that form described in detail, it
will be readily apparent to those skilled in the art that
various modifications may be made therein without 65
departing from the spirit of the invention or from the
scope of the appended claims.

What is claimed is:

8
1. A multiple beam space antenna system for facilitat

ing communications between a satellite and a plurality
of earth stations. said multiple beam space antenna sys
tem comprising:

a plurality of antenna means disposed in a semi
spherical configuration about a surface of said sat
ellite, each of said plurality of antenna means posi
tioned so that each antenna means establishes said
communications with a substantially distinct area
of the earth. said plurality of antenna means includ
ing:
a first plurality of antenna means circularly dis

posed;
a second plurality of antenna means disposed circu

larly about said first plurality of antenna means;
and

a third plurality of antenna means disposed circu
larly about said second plurality of antenna
means; and

each of said antenna means for receiving a plurality of
communications from said earth stations in a corre
sponding area and for transmitting a plurality of
communications to said earth stations in said corre
sponding area; and

each of said antenna means being connected to a
.processor of said satellite for enabling the proces
sor to receive and transmit messages from anum

. ber of earth stations.
2. A multiple beam space antenna system as claimed

in claim 1, wherein said first plurality of antenna means
includes:

antenna means centrally located with respect to said
first, second and third pluralities of antenna means.

3. A multiple beam space antenna system as claimed
in claim 2, wherein said antenna means and each of said
first, second and third pluralities of antenna means
project beams on a planet-like body such that said pro
jected beams of said antenna means, said first plurality,
said second plurality and said third plurality of antenna
means are contiguous beams and form a large area for
receiving and transmitting a plurality ofsignals between
earth stations and said satellite.

4. A multiple beam space antenna system as Claimed
in claim 3, wherein said projected beams of said antenna
means, said first plurality of antenna means, said second
plurality of antenna means and said third plurality of
antenna means form substantially concentric circular
areas for facilitating communications between said sat
ellite and said plurality of earth stations.

5. A multiple beam space antenna system as claimed
in claim 4, wherein:

said antenna means includes hom antenna means;
said first plurality of antenna means includes a first

plurality of hom antenna means;
said second plurality of antenna means includes a

second plurality of hom antenna means; and
said third plurality of antenna means includes a third

plurality of hom anienna means.
6. A multiple beam space antenna system as claimed

in claim 5, wherein:
said hom antenna means includes at least one hom

antenna means;
said first plurality of hom antenna means includes

approximately six hom antenna means;
said second plurality of hom antenna means includes

approximately twelve hom antenna means; and
said third plurality of hom antenna means includes

approximately eighteen horn antenna means.
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7. A multiple beam space antenna system as claimed

in claim 5, wherein each of said beams projected by said
hom antenna means, said first plurality of hom antenna
means. said second plurality ofhorn antenna means and
said third plurality of born antenna means are substan- 5
tially hexagonal in shape.

8. A multiple beam space antenna system as claimed
in claim 5, wherein:

said horn antenna means includes cone means of a
first length;

said first plurality of horn antenna means each includ
ing cone means of a second length being greater
than said first length;

said second plurality of horn antenna means each
including cones means of a third lensth being 15
greater than said second length; and

said third plurality of horn antenna means each in
cluding cone means of a fourth length being greater
than said third length.

9. A multiple beam space antenna system as claimed 20
in claim 8, wherein there is further included inflatable
means· for supporting each of said hom antenna means,
said inflatable means for support and each of said cone
means being inflated to produce said spherical configu-
ration of said pluralities of said horn antenna means. 25

10. A multiple beam space antenna system as claimed
in claim 5, wherein there is further included cannister
means for containing each of said pluralities of said hom
antenna means and said inflatable means for support on
board said satellite, so that said inflatable means for 30
support may be removed from said cannister means
during orbiting of said satellite.

11. A multiple beam space antenna system as claimed
in claim 5, wherein there is further included lens means
positioned between said plurality of hom antenna means 35
and said projections of said beams on said planet-like
body. said lens means operating to focus said beams of
said plurality of hom antennas.

12. A multiple beam space antenna system as claimed
in claim 11. wherein said lens means includes bootlace 40
lens means.

13. A multiple beam space antenna system as claimed
in claim 12. wherein said boot/ace lens means includes
folding boot/ace lens means.

14. A multiple beam space antenna system as claimed 45
in claim 5, wherein each of said horn antenna means
includes:

truncated cone means including a truncated portion
for projecting said beams upon said planet-like
bodies; SO

coating means applied to said inner surface of said
truncated cone means;

waveguide means positioned centrally to said trun
cated portion of said truncated cone means, said
waveguide means for translating electronic signals 55
to RF signals and for translating RF signals to
electronic signals;

circuit means connected to said waveguide means.
said circuit means operating to interface signals
between said processor of said satellite and said 60
waveguide means; and

connection means connected between said circuit
means and said processor of said satellite. said con
nection means operating to transmit signals be·
tween said circuit means and said processor. 65

15. A multiple beam space antenna system as claimed
in claim 14. wherein said truncated cone means includes
mylar truncated cone means.

10
16. A multiple beam space antenna system as claimed

in claim 15. wherein there is further included inflation
means connected to said mylar truncated cone means,
said inflation means operating to permit inflation of said
mylar truncated cone means to a particular predeter
mined shape.

17. A multiple beam space antenna system as claimed
in claim 14. wherein said coating 'means includes metal
lized coating means such as aluminum.

18. A multiple beam space antenna system as claimed
in claim 17. wherein said metallized coating means com
prises gold.

19. A multiple beam space antenna system as claimed
in claim 14. wherein said connection means includes
optic fiber means.

20. A multiple beam space antenna system as claimed
in claim 14. wherein said connection means includes
coaxial cable means.

21. A multiple beam space antenna system as claimed
in claim 14, wherein there is further included dielectric
substrate means connected to said circuit means and to
said waveguide means, said dielectric substrate means
for supporting said circuit means and said waveguide
means.

22. A multiple beam space antenna system as claimed
in claim 14. wherein said circuit means includes:

low level amplifier means connected to said proces
sor. said low level amplifier means for converting
optic signals to electronic signals;

power amplifier means connected to said low level
amplifier means;

circulator means connected to said power amplifier,
said circulator means having three input and output
ports and operating to transmit signals from an
input port to an output port in a clockwise direc
tion only; and

said waveguide means being connected to said circu
lator means.

23. A. multiple beam space antenna system as claimed
in claim 22, wherein said circuit means further includes:

diplexer means connected to said circulator means,
said diplexer means operating to pass only received
signals;

low noise amplifier means connected to said diplex
means;

filter means connected to said low noise amplifier
means; and

amplitude modulation means connected between said
filter means and said processor of said satellite.

24. A multiple beam space antenna system as claimed
in claim 22, wherein said connection of said processor
to said low level amplifier means and said connection of
said amplitude modulation means to said processor each
include optic fiber.

25. A multiple beam space antenna system for facili
tating communications between a satellite and a plural
ity of earth stations. said multiple beam space antenna
system comprising:

a plurality of antenna means disposed in a semi
spherical configuration about a surface of said sat
eIlite. each of said plurality of antenna means posi
tioned so that each antenna means establishes saio
communication with a substantially distinct area of
the earth;

said plurality of antenna means including a plurality
of hom antenna means having waveguide means
for transmitting and receiving RF signals and cir-
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cuit means for interfacing between said waveguide
means and a processor of said sateilite;

inflatable support means for positioning each of· said
plurality of hom means in said spherical configura
tion;

each of said antenna means for receiving a plurality of
communications from said earth stations in a corre-

12
sponding area and for transmitting a plurality of
communications to said earth 'Itations in said corre·
sponding area; and

each of said antenna means being connected to said
processor of said satellite for enabling the proces
sor to receive and transmit messages.

• • • • •
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A Doppler eompenu.tiDS device which coaIIIrves
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(Jeviees comprises a pbase lock loop for ttilc1dnS' Dop
pler pJwe offset and a Doppler offset calibration Joop
which acaera* a Doppler offset curve. The Doppler
offset calibmion loop C:ltnets Doppler offset pODlU
from the phase lock lOOp, and Crom these points cali·
brateS a set of three panIDeteIS cHfaninl the Doppler
offset cur~ usini an estimation a.ISorilbm such as the .
least squares allorithm. After the curve ii defined. the
compensation device utrac:ts points from the DoppleI'
otrset curve and deac:dvatea the pbaJe lock loop. This
process preserves power within the blftd·held commu
nication devices.
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1

CAUBRATED METHOD AND DEVICE FOR
NA.RROW BAND DO:PPLER COMPENSATION

2
Ilot require eontingOU1 ItflCking of Dopplcr, and permit!
openitmg with minimal pOwer.

A Doppler compensating devi« whbich conserveS
power and caD be lIIed with hand·held cOllun~tlicatioJ1

CROSS REFERENCE TO RELATED 5 devices comprises. plwc lock loop for tracking a Dop-
APPLICAnONS pIer phase offset and a Doppler offset calibration loop

Thc present application. is related to co-pending U.S. which generales a Dopp1er ofI'se'l curve.~ Doppler
patent applications SCt- Nos. 263,849, Stlte1lite cellUlaI' ofl'aet calibration loop extracts Doppler offSl!t poilUS
Telephone aDd nata Communi<:ation System, 402.,143, from the phase lock loop, ad from these points cali·
Power r.unasement System For A Worldwide Multi- 10 br.,cs a SCI of three paramewlI d.faniDg the Dopp1v
pie SateUite CommllDiC&tions System, 415.814, Mulhplc offaet curvc U$lJ\I an estilnation a1aoriUun 5UeJa as the
Beam Deployable Spa« Antenna System, .1~,842, least squares aJ8orithm. Alter the ClU'Ve b defiDed, the
Telemetry, Tracking and COntrol For Satellite Cellular compensating devic:e mrlC15 pomts from the Doppler
Communicatioa Systerm, and 415,815, A Method To offset CIU'Vt and dactivates the phase lock loop. This
Optimize cell·To-Cell Handofrs In A Satellite Cellular 1.5 process preserves power wi1hi:a the haatd·beld c:ommu·
SyAcm. nication devices.

BACKGROUND OF THE INVENTION The above .1Id ocher ~bjccts,. feat\U'es, IJId adVIJI-
taga of the present nlVcnl10ll win be better 1IZlderstood

This invention relates.. in general, to Doppler com- from the foUowiDg detailed dest:rlptiOD taka in coo-
pc:nsation. aDd morc Specifically, to calibration of Dop- 20 juuction with the acc;ompan)'iRa dtawing$.
pier within a IW'I'OW bandwidth.

Satellites are bec:omm, important links for communi. BRIEF DESCRImON OF THE DRAWINO
cation between Sta~ons at different ~ocatiOlls th~oup- PIG. 1 is a block diasram of Doppler compcnatiDg
Ou! the world. particularly f?r J!10bUe ~mu~&catlol'\ 25 deme lIccordinJ to the present invmtion.
amtl. Suc:b mobile. C:O~UDl~b~n Imlt5. partK-uJarly FIG. ~ is a Doppler frequency offset eu.rve for liven
hand held commUD1cauo~ UllItS, inherently operate on parameten.
low po~t. "!o ~te warh low. power, the hlJld·held FIG. 3 is a diqram of a sipI dcmodulltor/dis-
~umcatlon.vm15 must ~ dCil~cd for narrow band criminator for the Doppler c:ompensatins device of
Ilplats for effiClency. Typical applIcations for narrow FlO 1
Mnd desiJ1'lS include hand·held units which must com- 30 -'0'.' d' of' 1'-..1 ad I r.low-orbir. ._ ••..:.b I ......0..: " tell" ( . r £ • IS a lapaID • 5IIIlP I.... m e 0::::;::00-z:.' mi,).w u ....tutl sa Ites e., approxl- satellite~cm slJowiDg a sateUite CO¢U1'lunieating with

The Doppler effect on ..pall transmitted between I • terres~ receiver. . ."
mobile cornmunieanon unit aJlcl a satetlite becomes FlO. 5 ~ .t

o
&J~h represent,mi callbratlon m~r for

distorted, partiCldarly for low.eanh-orbiting satellites. 3' t~rcc acqwSltlOn tllneS IeOOrdina to the present mYell-
The distonicm callsed by Doppler must be removed for 110Il.

the iftiormation to De extracted when the communica· DETAILED DESCRIPTION OF THE
lion cbanncl is DUTOW (C.I. 3 Kla). For ins~nce, a INVENTION
sigaaltransmitted to earth from a low orbitini satdlite . . .
would have • frequency variatiOll due to Doppler of 40 The follOWIng U.S. p8.tCllt appltcanODs arc rclatc:d to
;t3S lOaat • c=ter frequency of 1.S Ohz over a period ~ preieJlt inveD:COII, and the teaehin~ of the applica-
of 10 to IS minuta. Voic:e clwmcli of 3 Khz wolUd mas arc hereb)' IIICOrporated by reference:
require gua.rd b&lld ofapprolimately 12 c:hlllDcI widths . U.S. pateDt aPJ'licatiOD Sc:r. Nos. 2~3'B:49, Satellite
between voice/data chunels to avoid interference be. Cellular TelepbODe *Jld Data CommIDuC&uoD System,
&wan <:haDDcb. Wbm the chalUld width is evert 45 402,743, Power ManagemlDC Sf$tCDS For A World·
smaller, as with pasen bavina a band width of 300 Hz, wide Multiple Satellite Communicatioas System.
tile 8\UItd bwld increues to ovet 200 chunel widtbl. 415,814, Multiple Beam Deployable Space ADtellDa

The problem of auatd baDcl width ID*Y be O'Iel'ClOme SyStcJD. .
by cransmitdng a pilot ldgual or c:oacrol silnaI iD. smlh: ·U 5,842, T.lemetr}l, TBCkiftS eel Control For Slt.l.
dedicated clIa4net TIte contrOl sipaJ must be sum- 50 lite Cellw.e CommunicatioaS~ ....d .
cicDtiy separated from the voice/data siP*1S that tbe 4lS,IIS, A Metbod To Optimize ~n-To-CeuHand-
voice/dua Iiplals do Dot interf'ere with the control om III A satellite C'dluJar System.
sisuJ. Terresuw receivers seueh tor the COlltrol Ii,. The present invention is particularly appliC3ble to
uI. _ usc the control ligD&I to di.rcct data tratrac for Iow·power, hand-held communication .ns such as
the oc:Iulr cItanneta. By lepU8!ina 1he control IipaI 55 pqias devices and Jwtd·held cellular telephoaa. How-
from all otll.cr sipaJs, the Doppler effect OG the conuol ever. the iftvection may also be applied co bi,b-power
Iip.1 C8U be determined ud applied 10 die voiceldaza c;;ommunK:.dOP uuits upe.ricrDQas Doppler ctre«&
chamteJs. This avoicb tnc:kiDg Doppler on the voiul· To J'lducc pOwer OOQ.IumptiOD witbmlbe butd-held
data c:lwme1l. UIlit, the present mvmtlon iIKlorporates cwo Doppler

Cmltirluous U'aCldna of the oootrol sipal to obtaiD EO deflJliD, loops. within a receiver 20 u showD iD FIG. I.
Doppler reqwres a COUlinuOUS auppl)' or power. For The fim loop, • p~ locked loop (PLL) 22, illiriaUy
low-power hand-held uniel>, suoh U p.J«$ IJld haM- tracks the Doppler msipal$ received from a transmit-
held c:cIJuJar i4t1cphona, continuoll5 tJKkin& or Dop- Wr 10. Tbe 1eCODd. loop, labelllrd open loop DoppJer
pJer is iIlefflcient and W1desirable. compensation (OLDC) )t, samp1el phase tifton from

SUMMARY OF THE INVENTION 65 PLL U to determine I Doppler cune, llJId uses. the
curve to define the: Doppler for ,ubtequentJy RCClvcd

Accordingly. it is In objct:t of the present inVetl.UOD sipals. Open loop Doppler compensation Z4 requitef,
to provide a Doppler compensatin, d~vic:e which does minj.nal power and allows PLL 2~to tum ocr.
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The specific elemellcs of transmitter 10 comprise a wbich are relayed to demo/disc 28. In demo/disc 28. a
plurality of channels U where a rU"St channel 13 is dedi· first ponion of the cosine and sine signals are multiplied
cated specifICally to a l;otttrol sign&I, and voice/data in mixers 60 and ISZ rC5~tiv¢ly, wjth • fint portion of
channels. desilJ1&ted 14, are used for voicc/cIal& sianals. tbe I and QcomponentS or the voice/data siSuals and
.AU chaftnels of plurality of cbannel, 12 are summed in ! the control signal. Since the cosine lUId sine signals
S\UIlmina unplificr J6, and tbe output of summina UIl- ICDClllIly reprCSCnt die Doppler pbue error within the
pllfler 16 is mixed with a cartier (rom local odlator signals, the fC$ull is Doppler compensated data sisnals.
<L?) 11. T.his moc:IUhlte(l stl~1 is CranmJitted to ~e- The cottteted J aDd Q components are recombilled in
cesver 10. It should be 1"CCOI~ized that the COIltrol Sl~. summer" ad tbe silftlls ccrrespODdina to data/voice
naJ of firsa chaDnd 13 d;eu;:rmmes. the data flow of VOI- 10 chaNlels 14 are output at datil/voice output 4() or FIG.
celdala chatlnels 14 Within recClver 10. The cofttrol 1 SimUarly the siph ~orrapOncliD&to ClOtIuoJ lignal
aipaJ also operata IS • pilOt tofte to allow tracking of c~nel 13 ~e output to c:oatroJ data output 42 of FIG.
the Doppler by receiver ~. .. 1.

Wheft the modillated ApaI (rOIll traJllmJtter to 1$ A second portion of the sine value received from
received by rceeiver 20 it i.1 demodulated by La 1~ and IS NCO 30 is multiplied in multiplier" with a second
tile I and Q ~~~ MinaIs ~re. relayed to Sl8J.1l'll panion of tM 1 component of t1w COntrol lipal. A
;.em~t~~or/:e~Qt:':=fd.~11..~~= second ponion oflhe cosine vall.ll: is MlI1tiplied in Mllhi·
c:o:~ :~~: rK:cci from :nnu:eri~; QO~roUcd plier lSI with.a seoo~ ~rtion of~ Q componCllt or
oscillatot (NCO) 30. The: output ofsipal d=/disc 21 is 20 tbe contrOl Slanal within d~/d~ 21. The I Md Q
the phasc error A. which Is filtered througb phase lock comp?nen~ are then recombmed ~n s~~ 70: The
filter 32. Phase 10'''' filter 3~ outputs a measure of tbe combined IlpaJ .from summer 70 ts ~uluphed ~ de·
lOOp pbas4e error, A~, to NCO 30 to conttol the output modulator 72 wlth the corrected voice/data II.~$
of NCO 30. Demo/disc .21. phase lode filler 32. and from s~~r 64 to (onn the phase error 441 which l'

NCO 30 constitute PLL 22. 15 UKd WJthm PLL %2.
Since the H.tenile of ttatl$miner lO is WIlstantly mov. The predicted Doppler/time-depc~t (re.quency

ill& the Doppler Oft the signal received by receiver 10 is offset !O gefterate t~e cur.:e or~G. %ts dete1"mlned by
constantly changing. While PLL :u is active, PLL 22 modeliDS the satellite rnotJOp With 2 parameters, L aJl4
will Jock onto tbe phase or the illput siSMI and trick the to where L is the range 10 the satellite at POCA~ tq
Doppler as it chance,. The correction sine and cosme 30 is time at POCA. Referring DOW 10 fIG. 4, satellite 50
IipallleJ1ltn.tcd by NCO 30 are lIIed widlin demo/· ha5 • knowl1 velocity, V, at II disWJcc L (rom receiver
disc 28 to correct the wgnals from voice/data c!um.nels 52 at POCA, t., TIlt iDsl.&DtaDcOus range of satellite 50
J4 for Doppler effecu. at ~y poiDt aIODJ ita flight is tf This iDltancancoU$

As PLL :u tracks the changing Doppler, a phase ranSe includes situations wbere satellite SO doc4 not
accumwator 34 witbift OLDC 24 samples the ampli· 3S travel directly over receiver 52.. The range of satel1Jte
tudes of the 441.encated by phase lock filter 32. Each 50 from rcocivet' 51 at some time ~ 1S do:fined by;
sample is ttan8ft\itted to a Doppler calibration 36. Alter
leveral samples have beell taken U1d transmined to
Doppler eaJibtatioft 36, preferably about 7 samples
raJum at anc secoud intervals, Doppler gJibration H ~ The observed carrier plwe al ljis Itltpresaed in &erms
1*$ the samples in an algori1hm to generate a predicted of the combiJlcd effect ofthc nnge aM the &c:c;umulate4
DOppler eurvt for the particular satellite bein, tracked. ph.se due to fleqlltntC)' offset 3fo:
FlO. 2 repraents a Doppler curve pnerated by Dop-
pler calib...tion 3& for a satellite: h&vina an orbit 400 Pj.-7+W,('j-I.H",... (j ... l,Z,3•... n)
milft abov. the earth. Typically a sateUite UMCI to. is .5
tnac:kecJ for approxirrultcly 10 minutes. At the begirminl where; . .
IIDd cndillg rcache$ ofthe tra.c:kiDg period. Ule Doppler >. ... WllvckD,dt of UaDlIDlSSJOn
efTec:t on the signals is greatest. As the satellite puteS ar"eLocal osQUator freqllellCY offlet (whicb is mod-
t.btouSh a point of closest apprOllCh (POCA). the Dope eled lIS a colUWlt) ofrec:.eivcr~ telative tosacellitc
pier cflcct is "t its lowest. ~ 50

1leferriD& apin to FlG. 1, points alOllI the curve: Wj=noUe ill melSuten'lCDt of the QUlicr phase.
poerated by Doppler calibratioD 36 arc ~ted by GivlD • set of QblervatiollS Plo (j-l, 2, 3, ... 0). as
Doppllf 5)'11tbcsis 38 NEd PoppJer Iytlthesis 31 goner- accUQlulatecl by plwc ICC\IlDWalor M of FlO. 1, the
&tea • volt.qe n=praentina the os_pRude of each a- three characteristic parlIIDlIWl'S or the Doppler curve
ttaeted point. Since the time ofiDitial tracking is boWD, 5S are L, ae." and to. lilieS c.D be estimated. V is not csti-
and tbe Dopplercurve i5~med Accardi... to the initial mated since V is wdl established as .,. orbiW J)UI1De·
point of tracki.... Doppler I:)'ftthelis 30 CD cotn$pond ter.
points eJtu't!QCCd from the cut'W'J with aipala r.caved The most direct method for estiaWin, 1., 8f" 1U1d t.
ft'OlD tralIminer SO. Th. voltaiC gClllc...ted by Doppll:t is the iterative \cat squares estimaUoD method. An
synthesis is relayed to NCO 30 'to Q')ntrol the values of 60 initial estimate is IJICd to QOlDpllt~ aD estimagd Nt of
the aine IDd cosine outpUts of NCO 30. olncrvatioJlJ by:

As Doppler synthesis 38 begiJu 10 extract poinU rt01ll
the Dapp1er cllrve, PLL U is no longer needed to Crack
the curve. Therefore, the power to PLL 22 is tumed
off. This reduces the power \&Sage within receiver 20. 6S

FlO. 3 is • 4etailcd sc~ic of demoIdise %I. AI
seen in FlO. 3, NCO 30 iftCrates a Doppler offset
(reqmmcy, represented by the cosine and line outputs,
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where the he.t ( - ) denotes an estimated ql.lantily. The
least squares estimate is (on:ned by iteralivel)! comput·
lng a three dimensional correction vector, 8x, whose
elemenls are .sio, iL, and 3to. from the equation:

6
The ertClr in the Doppler offsel is defined &$ the per

turbalion or Equation 8 and is

(~)-I

ai .. L!l hl'lJ L!l "hl -~) ]

wbete 11} aDd its etaspOSe bjT are sensitivity w:etol'$. 10
The tilde (-) denotes a meaured qgantity. The proci
aa orthe vectors b,and hJTform a J-by-) matrix (com
monly referred to IL'5 a dyadic) whose elements are:

where fJ is the three dimensional perturbation sensitiv
ity vector:

(10)

15 By oombinini Equatioas 9 U1d 1, the variance of the
enor in the Doppler offset is o"proslOd u

(6)

(I) 4$

~I

I' - .<tSi - kll~ - kIf) - L~I "1'1] fI'.~

The sensitivity \!CICtors hI are defused IS follows:

20 Tms function may be "a1uatcd for a rauge orconfig
urations to demonstrate the feasibility of calibralUt, the
Doppler characteristics based on a vcry short wnple of
the Ilipal receiVed (rolll the control sisnal channel 13 of

(j) FIG. I. FIG. 5 graphically repraeDls Doppler Wlecr·
2S taint)' V$. CiQ1e tor: amples t&k~ '.7 minutes before

POCA, 2.9 minuu~s before POCA. U1d II POCA. The
Staph a.s$\t~$ ea1ibratiOJ) points taken O'olet a span of 6
sec;:oods. with acquisition and Doppler c:alibration oc-

Having solved for S~ the pararncters of tbe Doppler cVrin~ al ~~~ lSitfcteDt. points durin, me pass of •
c:urve are updaled wilh the vector equation: JO satellite orbitlDS at 400 IDlJeS. III saeral, the lonpi' the

data $pM, 1he more accurate the calibration of the D0p
pler curve. A5 irldicated in FlO. 5, with 7 _pia spa
DinS I period of 6 MC:oods, thl: en~ Doppler CUrve Clan

where 1.fW and 'Todd are 3 dimtmsional vectors wllose be predicted to within 10 percelll o( a pager bandwidth
elemell.cs' are the Dew and old iterative estimates of the J$ of 300 Hz, More favorable results occur when ac:quisi-
quantities L 8f", aDd t., respectivel)'. The iteration tion occurs at 2.9 miJJutes prior 10 POCA. The predic-
process ends when &~-O. tion aecuracy becomll5 sliShtly degraded al POCA.

The acCUl&CY of the Doppler curve estimates are R.cfctriDg again to FIG. 1. a cell ~ectiOQ lop 44 i.
dependent upon the fin>1 observations of the ytemte coupled to the input or NCO 30. The amplitude of tbe
tr!ijectory relative to POCA and can be assessed usiD, 40 vol. received at this point repICSCnts the phase error
throulh covariauc::e analysis. One familiar with th~ least 441. 'This value, due to its cl1IJJPS uture fCSultiq
1q1W'e$ estimatiOft win reeo81U1e thlt tt1e erTOr covari- f'rom the movement of the saeellite, can be used to dC1er-
ancc of the .mate of Equatm -4 is u.pNIHd as I min. wben a &iinal transmitted or received within I
covariance matrix P where particular cell mUlt be tr&lllf'crrai to an adjOwl11 cell.

45 The oclJ-to-eell baudoff is discussed in the pnvioWily
(1) referred to app1k:ation "A Mechod To OptiINzc Ccll-

To-Cell Handotrs In A S.tellite Ce1htJar System,"
Thus there bu been providtld. in accordance wilh the

present invention. a calibl1lted metbod and device for
where eO is the expectation operator~ '. i$ the one 50 nattow bud Doppler compensatjon that fully satisfies
ligma rllDliom error CApeCted ill the meuuremcnt of tbe th. objllCtI. aims. and IldvaGtaaei set forth above. While
lipal ptwe for the receivet'o the UwenUon hal heeD deKribcd in c:ollj\lnc:tioIlo with

The er:ror covariaDce matrix, P, is a 3-by.3 mabU ~c embodUDCJlts tbereo1; it is evident that many
charate!izias dle mteenaiftty bl ettimatinl the three ~tematives,modificatioas, aDd vuiaCioDs will be appar-
paramdCn of the Doppler C\lrve. Since the pVlmelCrS 55 eDt to thOllC skilled in !he art in lipr or the tore,oiDa
ce aecl to defiQe the predicted Doppler off'set daMs descriptioD. Accordin&lY. i1 is iutcudccl to aDbtace aU
Iht: ntire obIervatiou period. the ancertaiDity of tile 5Ucb akenaativfS, modifICations, aDd variaUou as tell
Dopp1ct ctu'Ye IDaY be ev~uateel at rcprese.atatiw: within the spirie aod broad ICOpe or the appe!Lded
points aloaS the obIervatioa period. claims.

Thee Doppler predicted offset frequCZlCY· fOt the ktA 60 We cl.un~
time polot (Ie. DOt timitcd to the first D paiDts used ill 1. A )ow-powct Doppler cornpel1WiDJ device com-
Equation 4) ucomputed (rolll the time derivadve of the prisinl=
obacrvcd ai~a1 pbaae (Equation 2) as fint meanS for traeJtiug • dynlmic Doppler J)hase

shift from aD input ugDll to Beneftlte a fUlt Dop
pler conet:tion sip&l.

laid iDpu, sipal havins a Doppler phase shirl dl&e to
predictable relative motion between a tr&ttsmiaer
1114 a receiver;

The subscript k UJed bere is distinct from the j used in
abe calibration of the Doppler parameten.
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caJculaW11 sensitivity vectors usiftg the algorithm

til - ?+~~-4)

- (1.1 + YJ(I/ - 1J2>I + A'IJ..} - t~

c:a1c:ualtina a new value of :& using the alSOrithm
J.llft/=1,Wd+8ii lUld

iterating rrom the step of calc:ulating • Doppler esti
mate UIltil Si... a.

5,095,538
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second mans for i¢t)~atinl a Doppler Offsel curve numerically controlled oscillator (NCO) coupled to
for a dynamic Doppler phase shift, said second said $~nthe$is means to receive said frequency csti·
means sefleraling a second Doppler correction mates, said NCO ,eneratiDi said K'Cond Doppler
si111ll1; corrKticn signal rrom sai4 rteqUellc)' estimates;

said second mum coupled to :said (lISt meaDS to re- 5 lind
ccivc a set of Oopple.r plwc shin NlZlplel to cali· laid NCO coupled to said third mans to relay Aid
bra1e said Doppler offset curve; second Doppler correction sipal to Kid third

third means fOt removina said Doppler phase shift mans IoIId said NCO coupled separately 10 said
from laid input sip, wd third means coupled to accumulator means.
said fitst means IUId to said second -means; and 10 ',A Jow..pOWCt Doppler compeosatiDg device ac-

said third mans rcceiviq said first Doppler correc· CordillS to ciaim 1 wberem said third means comprises
tion signal for • siven time. after which said ttUrd a sisnal demochalator/discritDinator.
means receives sai4 second Doppler correctiQtl 7. A method {or adjusting an iDpU1 slana! for Doppler
.anal· . offset comprisiq me steps of:

2. A loW-pOwer Doppler compensating device ac- l' ~Id~t the Doppler offlCt in • phase lock loop
cordillS to claim J wherein said first mcanlli fOr craekins (PLL);
compl'iscs a ph_ lock loop. Icn~8 • DoppJer QOITe<otioa signal within said

3. A low-powcr Ooppler compeosatilll device ae:- PLL;
cording to Qlaim I wberein said scOOlld means (or gamcr- modulating said Doppler corrccriou sisnaJ wich aid
atiDs compliMS III open loop time dcpc1ldcpt compen- 20 input signal;
sator.· utracting and slorina Doppler pbase shin samples

4. A Jow-power Doppler cOll1pensatinc devic:c ac;- from qid PLL;
cording to claim 3 wherein said second melllS for ,eoet- geaeraeina calibration~I'$deftniDg a Doppler
atiClS comprises: oR'MIt curve;

ac:c:umw.tot means (or extracting said let of Doppler 25 syn&hesizi1lS frequency estimates from said c:alibl'*-
pUle shift samples from said first marl', saiclaccu- tion parameters:
ml1lator means accumulating said extracted scI of gcnerating a frequency COInmand from said fre-
I?o~ler pbase shift sampl~; . . qUeDCY estimates;

calibration means for generatlD& callbrAClon parame· geller.tins said Doppler correction sipal from said
teas representin, said Doppler offset curve from 30 freque1lCY cormnand;
laid.set of Doppler phase ~ft samples. said cali- deac:tivatin& said PLL; and
bratJon means coupled to u)d lCCumwator mans moGUI.tiDS said input sipl with said Doppler cor-
to receive sai,d accumulated extracted set of Dop- rection signal.
pIer ~hase shift samples:. . . . 8. A method of adjustinS aD itIput sipal for Doppler

synthesis IDca1l$ fOl" extracungl&ld uhbratlon param- 3' offset accordins to claim 7 wherein sak! step of galer.t-
IlterS representilll said Doppl~r off~et c.III'Ve, said inS caJibr&tion pu~en defuililg .. Doppler o~
synthesis me:ans c~upl~ to said cabbrauon means curve comprilel die step or calculatirli Aid calibration
to utract laid calibration parameters; paralDeteJ'II uinl • leut squares allorithm.

said s)'QI~esis mean~ , eocracm8 frequency eStlmatc$ 9. A method for Idj1&Stin! aa input IiJ)DI b Doppler
~ said calibrabOn par~tCf5; ~ offset accordinS to claim • wheteia said step ofcaJClllat-

numencally control!ell oscallator (NCO) CO\Iplcd to ing said calibratiOn parameters IlSi.JJg a leut sqUIrCS
Kill synt~csis means to r~ci"'c ~id frequency esci- aleorithm eompriJes:
mates, aid NCO ecneratmg said SClllond Doppler calcuJatiD. a Dcppler estimate usillS the alaoriUlm
correction sipa! from said. frequency estimateS;
ud 45

said NCO coupled to said third means to relay said
scc:.ond Doppler correl:tion signal to said third
maDJ and said NCO coupled scpan.tely to said
accumulator mans.

5. A low-power Doppler cOIIlpet.lsating device ac:- ~
cording to claim 1 wherein said second Jne*\& for ,eller.
atinS compriMJ:

ac:ownu1ator meaDS for cxlnCting said set or Doppler
phase sbift $I.Il1plr$ from aid fLm meaDs, aid~
mulalOI maDS acc:UDI\ll.a!inlllllid utnlCtCd tel of 55
Doppler phQe shift samplcs;

~a&ibraUOD means lor atneraliq caJibrabou parame
len representina IlLid Doppler off'~ curve from
&aid let of Doppler pha.se shift samples. said cali
bration means coupkd to~ aCCWlluJator means 110
10 receive said accum\l!atc:d CllltACled let of Dop
pler pbuc: shift samples,

synthesis mean5 for extracting said calibration param
elora representing said: Doppler of'l'sel curve. said
synthesis means ~ollpled to said oalibratioD means 6S
to utract said calibration parameters;

said synthesis means pneralillj frequency .timates
fxoRl said calibration parameters;
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9
10. A method for adjus,ins: an input si,na1 for Dop

pler OfT5el accordioS to claim 7 wherein said step o(

synrhesi%ift8 frequency tllInmates comprise the step of ~

10

l~

20

25

30

3~

ss

60

P.12/14

10
compensating a receiver reference frequency from a
prc:dK:ted offset frequency \Isini the aliorithm

&i~ .P;/A.• Po6i•• 14(11-1:>/;~J/A.
• • • • •
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COVER LETTER

REGARDING CONFIDENTIAL TREATMENT

OF

PROPRIETARY AND CONFIDENTIAL MATERIALS



PHOENIX,ARIZONA
elTlBANK TOWER

TELEPHONE: (602) 266-6610
FACSIMILE: (602) 274-1970

PHIUP L MALEr
(202) 429-6239

DELIVERY BY HAND

STEPTOE & JOHNSON
ATTORNEYS AT LAW

1330 CONNECTICUT AVENUE, N.W.
WASHINGTON, D.C. 20036-1795

(2021429-3000
FACSIMILE: (202) 429-9204

TELEX: 89-2503

April 10, 1992

STEPTOE & JOHNSON INTERNATONAL
AFFILIATE IN MOSCOW, RUSSIA

TELEPHONE: (011-7-095) 290-5775

Ms. Donna R. Searcy
Secretary
Federal Communications commission
1919 M Street, N.W.
Washington, D.C. 20554

Re: Request for Confidential Treatment
ET Docket No. 92-28; File No. PP-32

Dear Ms. Searcy:

On behalf of Motorola Satellite Communications, Inc.
("Motorola"), confidential treatment of the enclosed information
and materials is requested pursuant to Sections 0.457(d) and
0.459 of the Commission's Rules and RegUlations. See 47 C.F.R.
SS 0.457(d) & 0.459 (1991).

The materials and information included in the enclosed
envelope are being submitted to the Commission in support of
Motorola's pending request for a pioneer's preference in the
above-referenced proceeding. It includes highly confidential,
sensitive and company proprietary information concerning
Motorola's IRIDI~ system. In partiCUlar, Motorola is
sUbmitting information concerning pending patent applications,
preliminary results of experiments and field tests, a videotape
of a voice simulation using the IRIDIUM system, and a computer
diskette containing copyrighted software which simulates
operation of intersatellite links.

All of this material and information constitutes trade
secrets and commercial, financial or technical data which must be
guarded from Motorola's competitors. See 47 C.F.R. S 0.457(d).
Moreover, the enclosed materials and information clearly would be
privileged, as a matter of law, as intellectual property and
trade secrets if retained by Motorola. Id. Accordingly, the
enclosed materials should be withheld from inspection by the
public and not placed in the record of the above-referenced
proceedings.
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The enclosed materials have been submitted voluntarily
by Motorola. Therefore, pursuant to Section 0.459(e) of the
Commission's Rules and Regulations, if the Commission denies this
request for confidential treatment, Motorola requests that the
Commission return all of the enclosed materials and information
without placing them in the public record. See 47 C.F.R.
S 0.459(e).

Thank you for your prompt attention to this matter.

Respectfully submitted,

Philip L. Malet

Counsel for Motorola Satellite
Communications, Inc.

Enclosure

cc: Dr. Thomas P. Stanley
William Torak
H. Franklin Wright
Robert Ungar
Counsel of Record


